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GLARE

Glare is defined as: ““the sensation produced by luminance within the visual field that
is sufficiently greater than the luminance to which the eyes are adapted to cause
annoyance, discomfort or loss in visual performance and visibility”

"Lighting Handbook of the llluminating
Engineering Society of North America"
(IESNA, 2000)

(p. G-15)
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DIFFERENT TYPES OF GLARE

DISCOMFORT GLARE
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GLARE ANALYSIS: DOES IT MATTERS?

How would you rate the importance of glare in your
| design considerations for a project?
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Fig 1: Survey of 135 architects, lighting designers and consultants (Mogri 2011).

In @ 2011 survey of 135 architects, lighting designers and consultants over 80% of participants
voted glare to be either an important or extremely important design consideration.
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DISCOMFORT GLARE
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DISCOMFORT GLARE
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A brighter and larger glare source
in a highly contrasted room,
depending on its angular location
with respect to the view direction,
induces a certain risk of glare.

aNnoYvMovd|

R(PASS

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Participant 2

2011.04. 07{

Time 09:11

A wide angle High Dynamic Range Image

Q’LIPID
L 2 P




DISCOMFORT GLARE
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A brighter and larger glare source
in a highly contrasted room,
depending on its angular location
with respect to the view direction,
induces a certain risk of glare.
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DISCOMFORT GLARE
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in a highly contrasted room,
depending on its angular location
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DISCOMFORT GLARE
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A brighter and larger glare source
in a highly contrasted room,
depending on its angular location
with respect to the view direction,
induces a certain risk of glare.
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DISCOMFORT GLARE
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A brighter and larger glare source
in a highly contrasted room,
depending on its angular location
with respect to the view direction,
induces a certain risk of glare.
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GLARE INDICES

CIE Glare Index

Unified Glare Rating

Visual Comfort Probability
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GLARE ANALYSIS & PREDICTION PARAMETERS

aNno4gvMovd|

NOILVAILON

SONIANId] ADOTOdOHLIN

R(PHEN

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Input: HDR Image or Radiance picture (fish eye view)
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GLARE ANALYSIS & PREDICTION PARAMETERS

1. Input: HDR Image or Radiance picture (fish eye view)

2. Detect glare sources based on Threshold & Search Radius : Location, size and brightness

#L.:9
L,: 29657
w,: 1.0484
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GLARE ANALYSIS & PREDICTION PARAMETERS

1. Input: HDR Image or Radiance picture (fish eye view)
2. Detect glare sources based on Threshold & Search Radius : Location, size and brightness
3. Compute the rest of the components for each glare index
4. Output: Calculates glare indices (CGl, DGI, DGP, UGR, VCP) HL:9
L,: 29657

w,: 1.0484
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GLARE ANALYSIS & PREDICTION PARAMETERS

Threshold: In the detection algorithm, the glare pixels are determined such that the luminance value of
this pixel is x-times greater compare to the average luminance of a reference area. With different
threshold x, the glare pixels are treated differently.

Radius: After the glare pixel detection, the glare sources are merged into larger area, the search distance
between each glare pixel (search radius) defines the sizes of glare sources

Reference area
T=7
R=0.08

aNno4gvMovd|

NOILVAILON

SONIANId] ADOTOdOHLIN

.(I)ﬂ- September 5, 2014 | M. Sarey Khanie @®LIPID

ECOLE POLYTECHNIQUE .’ ‘ Interdisciplinary Laboratory of
FEDERALE DE LAUSANNE Performance-Integrated Design




DIFFERENT THRESHOLD AND RADIUS PARAMETERS

Threshold/
Radius
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GLARE ANALYSIS & PREDICTION PARAMETERS

* Isthere an effect of threshold and radius on glare analysis?
* How big is this effect?

 Are there combinations of threshold and radius that work better for a
specific lighting scenario?
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METHODOLOGY & EXPERIMENTAL SET UP

29082013 La:618.629 [ctimA2] - 2092013 mA2] e 20082013
083500 £1:1999.396 [lux] 4 53100 2 k 131930

View: SW View: SW. View:SW

07.082013
12518

View: SW. View: W
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METHODOLOGY & EXPERIMENTAL SET UP

1. Recording Photometric Parameters

ADOTOAOHLIN]

2. User ratings
128 subjects were tested
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METHODOLOGY & EXPERIMENTAL SET UP

1. Recording Photometric Parameters
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METHODOLOGY & EXPERIMENTAL SET UP

1. Recording Photometric Parameters
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2. User ratings
128 subjects were tested

R CPARS @SLIPID

ECOLE POLYTECHNIQUE ‘ ' tercisd
FEDERALE DE LAUSANNE




METHODOLOGY & EXPERIMENTAL SET UP

Rx3 Tx5

HDR Evalel

Image valglare
5 User
= Ratings
§ Experiments Based on a Real 'T‘
- Office Set-ups
.(I)ﬂ- September 5, 2014 | M. Sarey Khanie @OLIPI D

atory
e:

ECOLE POLYTECHNIQUE .' ‘ inercis
FEDERALE DE LAUSANNE o W e




DIFFERENT THRESHOLD AND RADIUS PARAMETERS
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METHODOLOGY & EXPERIMENTAL SET UP

La:91.142 [cd/mA2] 07-08-2013
Ev:287.902 [lux] 11-25-18
DGP:0.17

La:618.629 [cd/mA2] : 24-09-2013
Ev: 1999.396 [lux] 3 11-53-00
DGP: 0.286 3
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LC4, Clear sky, direct sun inside
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La:589.227 [cd/mA2]
Ev:1603.741 [lux]
DGP: 0.2647

La:918.646 [cd/mA2]
Ev: 2772.384 lux]
DGP:0.3401

Subject #44

LC5, Clear sky, direct sun inside

28-08-2013
11-26-38

View: SW

21-08-2013
13-19-30

View: SW

La:284.748 ¢d/mA2] 29-08-2013
Ev: 839.380 [lux] 08-35-00
DGP:0.218

Subject #55 View: SW

La:2437.113 [cd/mA2] % 21-08-2013

Ev:7192.962 [lux] " - 172222
DGP:0.612 o -

Subject #32 b View: SW

LC4, Clear sky, sun in FOV
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METHODOLOGY & EXPERIMENTAL SET UP
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LIGHTING CONDITION 1 — NORMALIZED INDICES DISTRIBUTION

artificial lighting
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LIGHTING CONDITION 1 — NORMALIZED INDICES DISTRIBUTION
artificial lighting
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LIGHTING CONDITION 1 — NORMALIZED INDICES DISTRIBUTION

artificial lighting
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LIGHTING CONDITION 1 — NORMALIZED INDICES DISTRIBUTION

artificial lighting
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LIGHTING CONDITION 2 — NORMALIZED INDICES DISTRIBUTION

overcast sky
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LIGHTING CONDITION 3 — NORMALIZED INDICES DISTRIBUTION

clear sky, No direct sun
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LIGHTING CONDITION 4 — NORMALIZED INDICES DISTRIBUTION
clear sky, direct sun inside
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LIGHTING CONDITION 5 — NORMALIZED INDICES DISTRIBUTION

clear sky, direct sun inside
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LIGHTING CONDITION 4 — NORMALIZED INDICES DISTRIBUTION

clear sky, sun in FOV
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CONCLUSION
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There is and effect of threshold for most glare metrics
This effect is minimum for DGP

There is an effect of search radius for most glare metrics
This effect is none for DGP and minimum for UGR

These effects are higher for lower luminance levels
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UGR VCP

LIGHTING CONDITION — NORMALIZED INDICES DISTRIBUTION
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GLARE ANALYSIS & PREDICTION PARAMETERS

* Isthere an effect of threshold and radius on glare analysis?

* How big is this effect?

* Are there certain combinations of threshold and radius that work better for
a specific lighting scenario?
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PREDICTION PERFORMANCE (MSE)
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PREDICTION PERFORMANCE (MBE)
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Prediction Performance (RMSE) under Each Lighting Conditions
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Prediction Performance (COD) under Each Lighting Conditions
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CGI Prediction Performance under Each Lighting Conditions

CGl - Mean Squared Error and Standard Deviation under LC1 CGI - Mean Squared Error and Standard Deviation under LC2 CGl - Mean Squared Error and Standard Deviation under LC3
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DGI Prediction Performance under Each Lighting Conditions

DGI - Mean Squared Error and Standard Deviation under LC1
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DGP Prediction Performance under Each Lighting Conditions

DGP - Mean Squared Error and Standard Deviation under LC1

MSE and STD

DGP - Mean Squared Error and Standard Deviation under LC4

7

10

15

3

5

10

Threshold

MSE and STD

SONIANIH]

R(PASS

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

7

10

15

3

5

7

10

Threshold

15

3

5

7

10

15

MSE and STD

MSE and STD

DGP - Mean Squared Error and Standard Deviation under LC2

tiddddd

|
5 7 1015 3 § 7 1015 3 § 7 10 15
Threshold

DGP - Mean Squared Error and Standard Deviation under LCS

T T T T T T T T T T T T T T

5 7 1015 3 5 7 1015 3 5 7 10 15
Threshold

MSE and STD

MSE and STD

Red: Radius=0.2
Green: Radius=0.04
Blue: Radius=0.08

DGP - Mean Squared Eror and Standard Deviation under LC3

T T T T T T T T T T T T T T

[ 1]]]
AREN

5 7 1015 3 5 7 1015 3 5 7 10 15
Threshold

DGP - Mean Squared Error and Standard Deviation under LC6

5§ 7 1015 3 § 7 10 15 3 § 7 10 15
Threshold

9L

“ Interdisciplinary Laboratory of
Performance-Integrated Design



UGR Prediction Performance under Each Lighting Conditions

UGR - Mean Squared Error and Standard Deviation under LC1
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VCP Prediction Performance under Each Lighting Conditions

VCP - Mean Squared Error and Standard Deviation under LC1 VCP - Mean Squared Error and Standard Deviation under LC2 VCP - Mean Squared Error and Standard Deviation under LC3
9 T T T T - T T T r r . 9 T T T T T T T T T T T 9 T T T T T T T T T T T T T T T
st 4 st . st s
7r = 7r g 7r g
6 - 6 . B 1
o o fa)
B st i & st 4 %5t |
2 = 2
& 0 £
w4t J war 4 war 4 4
2 = 2
3t g ir b ir B
)
&
2t 4 2f . 2t 1
¢
1r E 1F 1 1r B
P N . 5 S S— T S —— L L P S VS S PSP S R S
3 5 7 1015 3 5 7 10 15 3 5 7 10 15 3 § 7 1015 3 5 7 10 15 3 5 7 10 15 3 § 7 1015 3 S5 7 1015 3 S5 7 10 15
Threshold Threshold Threshold
YR Mean dusrad:Enorandisandard Deviaionunder L VCP - Mean Sguared Error and Standard Deviation under LC3 YCP - Mean Squared Error and Standard Deviation under LC6
9 T T T T T T T T T T T T T T T g . . . ; . . . ; ; ; . N . . . g i i . . - . . : . . . . i . .
8r 1 ar E st 4
T ] 7F - 7t 4
6 = B - 6F 4
fa) = -
=
: Sr 1 % st B & st B
B4 T bar B war i
= = g
ar 1 3t . 3k J
2r T T o 1 2F i
1t G 1+ ‘ g S il 1 1+ l 1
8085 710015 5 5 7 1015 5 5 7 1013 3 5 7 1015 3 5 7 1015 3 5 7 1015 3 5 7 1015 3 5 7 1015 3 5 7 10 15
Thresold Threshold Threshold

SONIANIH]

PSS @®LIPID

ECOLE POLYTECHNIQUE ‘ ‘ Interciscipinary Laboratory of
FEDERALE DE LAUSANNE Porformance tegrated Dotign




GLARE ANALYSIS & PREDICTION PARAMETERS

By Comparing the Prediction indices with user ratings(true values), we could
have better insight in how to use the tool to make more accurate prediction
of a given scenario.

* Specifically, we could have a better knowledge of how to choose the Radius
and Threshold values in Evalglare for each index in order to make a better
prediction.

* In this project, we have used mean squared error(MSE), root mean squared
error(RMSE), mean bias error(MBE) and coefficient of determination(r*2) as
indicators of the indices prediction performance.
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CONCLUSION

For lighting condition 1to 5
* The highest threshold and smaller search radius combination works best for
most glare indices
* DGl is better predicted for Threshold 3 and search radius 0.2

* DGP predictions are the most robust for all daylit conditions

SONIANIH]

PSS ®SLIPID

ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE "




SENSITIVITY ANALYSIS OF THRESHOLD AND RADIUS FOR GLARE INDICES

 Threshold and Search radius are sensitive parameters for glare evaluations
using Radiance based tools such as Evalglare

* By Comparing the prediction parameters with user ratings (true values), we

can have better insight in how to use the tool to make more accurate
prediction of a given scenario.

e To make a conclusion on how to best use this parameters more lighting
scenarios and facade systems should be analyzed
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Thank You!
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